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Abstract

The present thesis discuss the electronic and geometric properties of Al-intermetallic
compounds. This work consists of two parts. In the first part, we have employed the
first-principles pseudopotentials method to calculate the vacancy formation energies of Li and Al
vacancies in LiAl. In the second part, we study the geometric and electronic propetties of ZrAl
—intermetallic compound.

In the calculation of the vacancy formation energiesin LiAl, our calculations are prerformed
by the norm-conserving pseudopotentials (NCPP) and the plane wave method within the
local-density-functional theory, and Ceperley-Alder formula for the exchange-correl ation potential
is employed. We introduce periodic point defects to a crystal, and use a supercell to calculate the
point defect energy. One atom was taken out of a cube structure of the supercell and then the
system is arrayed in periodicity. A supercell of 16 atomic sites has been used, namely 8 Li sites
and 8 Al sites. In this supercell, we calculate the vacancy formation energies of Li and Al in LiAl
intermetallic compound as well as the atomic relaxations around the vacancies. The charge
redistribution around the vacancies, electronic density of states and their band structures are also
discussed contrastively. The results show that the vacancy formation energy of Li is much smaller
than that of Al, and the theoretical value isin excellent agreement with experimental data. Further
more, the formation of Li vacancies have little effect on the whole crystal and electronic structures
indicate that LiAl isfit for the anode material of lithium batteries.

In the second part of the thesis, we study the electronic and geometric properties of transition
metal aluminide ZrAl. The calculations of this part are performed by an ab initio method with
mixed-basis and norm-conserving pseudopotentials based on thelocal-density-functional theory.
The wavefunctions for the crystal are given by the mixed-basis which is made of planes waves and
Bloch sums of loca orbitals. The first-principles pseudopotentials are constructed by the
Hamann's method and Ceperley-Alder formulafor the exchange-correlation potentia is employed.
In order to get the most stable structure of ZrAl, we compute the “cohesive energies versus
volumes of unit cells’ under seven different structures such as NaCl(B1), CsCl(B2), ZnS(B3),
WC(By), NiAs(B8,), AuCu(L 1o), CrB(B33). The most stable structure of ZrAl is found to be B33
(CrB structure). We also analyse the electronic density of states and charge density contour plots
of ZrAl at the selected structures. At the same time, we discuss the band stucture at the most stable

-3-



structure (B33). The crystal structure, lattice constant, bulk modulus and electronic structure by

our calculation are in consistent with other theoretical results and experimental data.

Key words: LiAl, vacancy formation energy, transition-metal compounds, ZrAl, electronic

structures, first-principles calculations
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N|3A| Ni3Ge N|3S| C03Ti

1
1
T./°C p1(gem™) (E/ p)/(MNnkg™)
NizAl 1400 75 L1, 45
NiAl 1640 5.9 B, 35
TiAl 1460 3.9 L1, 24
TizAl 1600 4.2 DOyg 50
FeAl  1250-1400 5.6 B, 47
FeAl 1540 6.7 DO, 27

MoSi, 2030 6.31 C11, 65
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1.1.1 Hohenber g-K ohn

[11[2]

Hohenberg-Kohn [1] Kohn-sham[2]
H.Thomas E. 1927 [3][4] P. Hohenberg
W. Kohn [1]
@) n(r)
n(r)
H=T+U+V (1.1.2)
T
T= %I O/ (r)Og(r)dr (1.1.2)
v(r)
V = () (rg(r)dr (1.1.3)
1 1 . ., , '
U :§j|r—r' lt// ()" (") (r'y(r)drdr (1.1.4)
Y n(r) = (W, (Ny(r)W¥) (1.1.5)
v(r) v(r) n(r)
V'(r) Yy’ n(r)



V'(r) =v(r) = const W W
H,H' EE Yoy

E'= (W, HW) < (W, HW) = (W,(H +V'-V)W)

E'<E +[[v(r) = v(r)n(r)dr (1.1.6)
E <E"+J[v(r) - v'(r)n(r)dr (1.1.7)
® @
E+E' <E+FE (1.1.8)
v(r) n(r) v(r) H
) El 0] o(r)
Es[A]
W n(r) n(r)
FIn(r)] = (W, (T +U)¥) (1.1.9
F[n]
E.[n] =] v(r)n(r)dr + F[n] (1.1.10)
n(r) Eg[n] E n(r)
N[n] =[n(r)dr =N (1.1.11)
E.[n] N W’
E[W]= (W VW) +(W',(T +U)W") (1.1.12)
W' Y W'
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Vv'(r) (119) (1.1.12)

E[W']=Iv(r)n'(r)dr + F[n'] > ,[W] = [ v(r)n(r)dr + F[n] (1.1.13)

V'(r) n'(r) (1.1.10)
Ee[p] F[n] n
F[n]
Hohenberg-Kohn (5]
F[n]
F[n] = 1Iwn(,rl)drdr' +G[n] (1.1.14)
2 |r=r"|
Ec[n]
E.[n] = [v(r)n(r)dr +%j ”T(:).fﬁf—'l)drdr' +G[n] (11.15)
G[n] F[n]
1.1.2 Kohn-Sham
Hohenberg-Kohn [1] , Kohn W Sham L J 1965
K ohn-Sham [2] v(r) [1]
E = [v(r)n(r)dr +1” O G + G (1.1.16)
29 |r-r| o
n(r) G[n] , n(r)
G[n]
GIn] =T[n] + E,.[n] (1L1.17)
T,[n] n(r) E..[N] n(r)
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(16)

j on(r)dr =0

éIEﬂ+vU)+de|:93|+aEm“m

an(r)

U

- 02 v (1) = B (1)

an(r)

=u

Vis[N(r)] = v(r) + Voo [n(r)] +V, [n(r)]

=v(r) +jdr'

n(r) =2 s ()

(20)~(22) Kohn-Sham

Kohn-Sham
(1.1.20)
Kohn-Sham
E,.[n]
1.1.3
1.1.31
n(r)
(LDA)

n(r) , .

an(r)

Vie[n(r)]
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n(r)

W.Kohn

(1.1.18)

(1.1.19)

(1.1.20)

(1.1.21)

(1.1.22)

E..[Nn]

[2]

L.J.Sham

E,[n]



o

n(r)

£x[n(r)]

E,[n] = [ drn(r)e, [n(r)]

Kohn-Sham
_o0En _ d
V,.[n(r)] = Jn ~dn(r)(n(r)£xc[n(r)])
€y n(r)
.1.3.2
. Slater
Slater Lel

V,. = =363/ [n(r))?
Slater
K ohn-Sham-Gaspar

W_Kohn  L.J.Sham

(1.1.23)

(1.1.24)

1125

Slater Kohn-Sham-Gaspar
[7]
V., = -2 1 [n(r)) (1.1.26)
2/3 k ks
. Slaster-Xa
J.C.Slater Xxa [8]
V,. = -3a(3/ m)**[n(r)]*? (2/3<a <) (1.1.27)
a
. Wigner
E.Wigner D.Pines [9]

-13-



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

